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Validation of a Virtual RealityeBased Hip
Arthroscopy Simulator
David E. Bauer, M.D., Karl Wieser, M.D., Alexander Aichmair, M.D., M.P.H.,
Patrick O. Zingg, M.D., Claudio Dora, M.D., and Stefan Rahm, M.D.
Purpose: To assess construct and face validity of a novel virtual realityebased hip arthroscopy simulator using the
previously validated Arthroscopic Surgery Skills Evaluation Tool (ASSET), metric parameters, and a questionnaire.
Methods: Metric parameters including task completion time, camera path, and grasper path were recorded, and the
ASSET score was used to assess construct validity. Face validity was evaluated using a questionnaire. Results: Nine hip
arthroscopy experts, of whom the majority performed more than 200 procedures (age, 48  7.3; range, 38-61 years; 8
men, 1 woman), and 33 nonexperts (age, 33  7.9; range, 26-62 years; 25 men, 8 women) performed 3 individual tasks
on a virtual realityebased arthroscopy simulator of a left hip. The ASSET global rating scale showed a statistically sig-
niﬁcant difference between the hip arthroscopy expert and the nonexpert group, indicating strong construct validity (25.0
in the expert group, range, 17-34, versus 15.30 in the nonexpert group, range, 8-30 [P < .001], respectively). This also
applied to most metric parameters recorded by the simulator. The simulator also demonstrated high face validity. The
overall impression in terms of realism was graded “completely realistic” by 17% and “close to realistic” by 62% of par-
ticipants. Conclusions: The tested simulator demonstrated high construct and face validity. Clinical Relevance: This
study demonstrates the construct and face validity of a novel hip arthroscopy simulator. The device proved to be an
adequate model for the simulation of some arthroscopic procedures of the hip.
Since its emergence in the armamentarium of or-thopedic surgeons in the late 1990s, the number of
hip arthroscopies performed each year has increased
tremendously.1,2 It has been shown that acquiring the
required skills to performminimally invasive hip surgery
safely and effectively remains a matter of extensive
practice corresponding to a gradually ascending learning
curve requiring extensive repetition of tasks to perfect
the required skills.3-7 Multiple studies evaluating the
beneﬁt of simulator-based training for hip-, knee-, and
shoulder-related arthroscopic surgery were able to
demonstrate that simulator-based training methods of
arthroscopic skills facilitate steep learning curves corre-
sponding to rapidly improving performance in the
operating room.6,8,9 A study assessing the performance
of a dry model for arthroscopic acetabular labral repair
demonstrated its validity and reliability as a training
resource.10 Another study showed that trainees with
minimal experience in hip arthroscopy objectively
improve their performance when using a dry model hip
arthroscopy simulator.11 However, drymodel simulators
are limited to only roughly represent anatomic structures
and material properties. Furthermore, additional func-
tionality including guided diagnostics, the simulation of
different pathologies, and recording of metric parame-
ters as a matter of objective performance feedback
remain difﬁcult. Virtual realityebased simulators pro-
vide the ability to sculpture these structures with high
attention to detail and the possibility to alter physical
properties of the arthroscopy environment and surfaces
for instance by mimicking the movement of foreign
bodies within ﬂuid or elasticity of cartilaginous struc-
tures. The combination of highly detailed 3-dimensional
anatomicmodels, realistic physical properties, andhaptic
feedback from the mock-up model provides a more
realistic overall impression aiming at a high face validity
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of the device. Accordingly, another virtual reality hip
arthroscopy simulator providing haptic feedback via
motors connected to the instruments already demon-
strated its potential for developing basic arthroscopic
skills.12
Furthermore, the metric parameters recorded by
these devices can be used to assess performance and
improvement of skills.8 For this study, in addition to the
recorded metric parameters, the previously validated
Arthroscopic Surgery Skills Evaluation Tool (ASSET)
has been applied to measure arthroscopy performance
in this study. The ASSET score is a validated tool to
evaluate the technical ability of surgeons performing
arthroscopic surgery by grading seven arthroscopic skill
domains from 1 to 5 (1 ¼ novice to 5 ¼ expert) and the
autonomy of the performed procedure.13
The purpose of this study was to assess the construct
and face validity of a virtual realityebased hip
arthroscopy simulator. The authors hypothesized that
the tested hip arthroscopy simulator will demonstrate
high construct validity by being able to distinguish be-
tween participants with substantial experience in hip
arthroscopy and nonexperts via metric parameters and
the ASSET score and high face validity assessed via a
questionnaire.
Methods
Orthopaedic residents and board-certiﬁed orthopae-
dic surgeons from different institutions were invited to
perform 3 individual tasks on a prototype virtual
realityebased hip arthroscopy simulator (ArthroS; Vir-
taMed AG, Schlieren, Switzerland). The device consists
of a plastic replica of a left hip joint covered with rubber
skin, with preset portals connected to a computer
generating a virtual reality image of the arthroscopic
anatomy of the hip joint. Tactile feedback results from
collision between the instruments and the plastic
replica of the hip joint within the rubber skin cover. An
anterolateral, anterior, and posterolateral portal as
described by Byrd et al.,14 as well as a proximal mid-
anterior portal as described by Dienst et al.,15 placed in
relation to palpable anatomic landmarks are provided
to insert the instruments into the central and peripheral
compartment of the hip joint (Fig 1). The instrument
replicas correspond to standard surgical instruments
connected via cables to the simulator.
A 2-minute standardized orientation phase to get
acquainted with hardware and software was followed
by 1 diagnostic task and 2 tasks requiring basic
arthroscopic triangulation skills. During the orientation
phase participants were guided through visualization of
anatomic structures in the central compartment of the
hip. The ﬁrst task required visualization of the same
anatomic structures of the central compartment
without computer guidance. The anatomic structures
required to be visualized in the central compartment
were the acetabular fossa, the femoral head, the liga-
mentum teres, the anterior, posterior and superior
acetabular cartilage, the anterior, superior, and poste-
rior acetabular labrum, as well as the posterior and
anterior transverse ligament.
For the second task participants were asked to remove
4 star-shaped foreign bodies from the central compart-
ment of the hip using a grasper instrument. Finally, 5
foreign bodies placed from 11 to 7 o’clock position and at
the lateral synovial fold needed to be removed from the
peripheral compartment (Video 1). Access to the hip
joint with the arthroscope and instruments was limited
to the anterolateral portal for the ﬁrst task and the
anterolateral, as well as the anterior portal for the second
task. For the third task participantswere instructed to use
the anterior portal for visualization and the anterolateral
and distal anterolateral portal for the grasper instrument
(Fig 2). Standardized hip extension and traction for tasks
involving the central or 45 of hip ﬂexion without trac-
tion for tasks involving the peripheral compartment
were applied, respectively. The simulator was equipped
with an arthroscope simulating 70 angled view. Task
completion time in seconds, camera path, as well as
grasper path in centimeters if applicable, were recorded.
Video footage of the second task, requiring bimanual
dexterity, orientation, and triangulation, was graded by
Fig 1. ArthroS hip arthroscopy simulator.
2 D. E. BAUER ET AL.
2 independent, blinded, experienced arthroscopic sur-
geons using the validated ASSET.13
Nine surgeons experienced in hip arthroscopy were
willing to participate in this study. Hip arthroscopy
experts were also asked to establish an anterolateral
portal to the hip joint. The portal was deﬁned to coin-
cide with the intersection of a sagittal line drawn
distally from the anterior superior iliac spine and a
transverse line across the superior margin of the greater
trochanter. Therefore the area of mock-up model
otherwise providing the preset portals was substituted
with a penetrable memory-foam (Fig 2). The simulation
device facilitates veriﬁcation of correct placement of the
probe by mimicking a ﬂuoroscopic image.
Face validity of the mock-up model, the instruments,
and the arthroscopic appearance of anatomic structures
of the hip were evaluated by all participants using a 19-
item questionnaire. The survey used a 7-point Likert
scale with anchor statements (1 ¼ not realistic to 7 ¼
absolutely realistic and 1 ¼ very useful to 7 ¼ not useful
at all) to evaluate realism and training utility in accor-
dance to previously performed validating studies.
No funding was received for this project. Written,
informed consent of participants and approval of the
local ethics committee were obtained. This study was
conducted according to the recommendations for
reporting validation studies for surgical simulators.16
Statistical Analysis
Statistical analysis was performed with the Statistical
Package for the Social Sciences version 21 (SPSS, Chi-
cago, IL). Data are presented as mean and standard
deviation for continuous variables and as proportion
(%) for categorical variables, if not stated otherwise.
The Kolmogorov-Smirnov test was used to test the
distribution of metric parameters. Intraclass correlations
were used to test for inter-rater reliability. The corre-
lation between metric parameters and the ASSET was
evaluated using the Pearson correlation coefﬁcient. The
Mann-Whitney-U test, Student t test, or c2 test was
performed as applicable to test for differences between
the novice and expert group.
Before studying construct validity, a power calcula-
tion for the null hypothesis (“performance of experts is
equal to that of novices”) with an acceptable signiﬁ-
cance (type 1 error, a ¼ 0.05) and acceptable type 2
error (b ¼ 0.20, power ¼ 0.8) was performed. We
considered a 20% reduction in intervention time as a
relevant difference. This resulted in a minimum num-
ber of 12 subjects in each group.
Results
Nine hip arthroscopy experts (mean age, 48  7.3;
range, 38-61 years; male, n ¼ 8; female, n ¼ 1) and 33
participants without prior experience in hip arthros-
copy (mean age, 33  7.9; range, 26-62 years; male,
n ¼ 25; female, n ¼ 8) were included in this study. All
but 1 participant in the expert group reported having
performed more than 200 arthroscopic procedures of
the hip. However, all experts performed more than 150
arthroscopic procedures of the hip. Participants not
experienced in hip arthroscopy had varying levels of
experience in arthroscopic procedures of the knee
Fig 2. Mock-up model. (A)
Memory foam inlay. (B)
Inlay with preset portals.
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and/or shoulder, 12 board certiﬁed orthopedic surgeons
or residents in their ﬁnal year having performed at least
50 arthroscopic procedures of the knee and shoulder
and 21 less experienced residents, respectively.
Construct Validity
The inter-rater reliability between the examiner rat-
ings (R.S. and W.K.) for the total ASSET score was 0.96
(95% CI, 0.93-0.98). The ASSET global rating scale
showed a statistically signiﬁcant difference between the
hip arthroscopy expert and the nonexpert group (25.0
5.5; range, 17-34 vs 15.30 6.0; range, 8 - 30; P< .001,
respectively). Within the hip arthroscopy nonexpert
group, there was no statistically signiﬁcant difference in
the total ASSET global rating scale between experienced
shoulder or knee surgeons and novices to arthroscopic
surgery (P ¼ .581) (Fig 3).
The pairwise differences of the grasper path in task 3
were not signiﬁcant. Otherwise, the remaining metric
measures were able to distinguish between expert and
nonexpert participants (Table 1). As opposed to the
total ASSET, within the hip arthroscopy nonexpert
group certain metric parameters showed a statistically
signiﬁcant difference between shoulder and knee sur-
geons with previous experience in arthroscopic shoul-
der or knee surgery and novices to arthroscopic surgery
(Table 2). The total ASSET global rating scale signiﬁ-
cantly correlated with the task completion time
(r ¼ 0.743), the camera path (r ¼ 0.666), and the
grasper path (r ¼ 0.588), respectively (P < .001).
Face Validity
Most participants graded the device itself, the virtual
anatomic model, and the instruments to be either
“completely” (7) or “close to realistic” (6). The overall
impression in terms of realism was graded “completely
realistic” by 17% and “close to realistic” by 62% of
participants. However, passive haptic features of the
bone and soft tissue were generally graded as less
favorable (“completely realistic” and “close to realistic,”
5% and 21%, respectively). The same applies for the
mock-up model of the hip itself (“completely realistic”
and “close to realistic,” 14% and 38%, respectively).
There was no signiﬁcant difference in grading of face
validity between the expert and the nonexpert group. A
comprehensive synopsis of the results of the question-
naire assessing realism grouped by expert level is
offered in Figure 3. Placement of the anterolateral
portal was graded as “useful” (6) by 5, “somewhat
useful” (5) by 3, and “less useful” (3) by 1 expert
participant. Considering training utility, the simulator
was thought to be a “very useful” (7) or “useful” (6)
training device by both groups (33% and 55%,
respectively) (Figs 4 and 5).
Discussion
The results of this study demonstrate that the simu-
lator was able to distinguish between expert and
nonexpert participants using metric parameters and the
ASSET score and therefore demonstrated validity of the
construct. Face validity of the simulator was supported
by the results of the questionnaire.
By applying the ASSET score and measuring metric
parameters, the simulator was able to distinguish be-
tween hip arthroscopy experts and nonexperts, thereby
demonstrating strong construct validity.17 Within the
hip arthroscopy nonexpert group, this also applied to
some of the previously validated metric parameters
when comparing board-certiﬁed orthopedic surgeons
and ﬁnal-year residents with less experienced resi-
dents.8,18 Furthermore, there was a signiﬁcant
Fig 3. Summary of total ASSET global rating scale. Solid vertical black lines indicate medians, bottom of the boxes represent the 25th
percentile, top of the boxes represent the 75th percentile, whiskers represent the range of the nonoutlier data, and circles represent the
outliers between 1.5 and 3 times the interquartile range. Solid horizontal bar indicates statistically signiﬁcant difference. (A) Experts vs
nonexperts. (B) Shoulder and/or knee surgeons versus novices.
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Table 1. Summary of Metric Parameters
Nonexpert Expert P Values
Time (seconds) Camera (cm) Grasper (cm) Time (sec) Camera (cm) Grasper (cm) Time Camera Grasper
Task 1* 202.67  64.85 141.20  62.91 NA 99.89  46.12 41.74  15.05 NA <.001x <.001x NA
Task 2y 242.33  83.76 132.42  52.93 238.70  116.85 132.33  50.35 59.73  31.33 112.72  58.90 .001x <.001x .003x
Task 3z 266.27  85.55 206.08  113.51 141.71  90.98 156.44  55.36 83.40  39.02 92.98  46.80 .001x <.001x .13
NA, not applicable.
*Diagnostic central compartment.
yForeign body removal central compartment.
zForeign body removal peripheral compartment.
xStatistically signiﬁcant.
Table 2. Summary of Metric Parameters, NoneHip Arthroscopy Experts
Novice Experienced Knee/Shoulder Surgeons P Values
Time (seconds) Camera (cm) Grasper (cm) Time (seconds) Camera (cm) Grasper (cm) Time Camera Grasper
Task 1* 225.86  59.63 168.67  59.10 NA 162.08  54.26 93.13  34.64 NA .014x <.001x NA
Task 2y 262.24  81.86 148.48  51.83 267.77  124.32 207.50  78.38 104.30  43.71 187.84  84.77 .104 .030x .058
Task 3z 280.24  77.05 224.24  101.62 142.34  75.39 241.83  97.33 174.31  130.29 140.60  117.23 .258 .082 .345
NA, not applicable.
*Diagnostic central compartment.
yForeign body removal central compartment.
zForeign body removal peripheral compartment.
xStatistically signiﬁcant.
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correlation between the metric parameters and the
global ASSET. These ﬁndings correspond to previously
published data of metric parameters recorded by the
tested simulator and the ASSET global rating scale.8
The simulator demonstrated good face validity evalu-
ated by experts and nonexperts. Eighty percent of the
participants graded the overall impression in terms of
realism as “completely realistic” (7) or “close to realistic”
(6). In accordance with previously published data, these
results are considered satisfactory in terms of face val-
idity.8,18 Although newer high-ﬁdelity virtual reality
simulation devices continue to develop improved
graphics to further enhance realism, the role of overall
face validity itself as a contributing factor to skill transfer
remains unclear. Although current literature supports
the fact that haptic feedback, a subdomain of overall face
validity, may play an important role in acquisition of
advanced surgical skills, it is the author’s opinion that
face validity is essential for broad acceptance of the
technology as a teaching tool.19 However, realism of
haptic feedback of the tested simulator was graded as less
favorable: “completely realistic” (7) or “close to realistic”
(6) by only 18% of nonexperts and 56% of experts,
respectively. The fact that experts generally rated haptic
feedback of the device as more favorable compared with
nonexperts might be explained by the nonexperts’ lack
of hands-on experience in hip arthroscopy.
Overall, the ﬁndings of the questionnaire are sup-
ported by previous studies reporting results of construct
and face validity of the ArthroS simulator for training of
knee and shoulder arthroscopy.18,20
The majority of arthroscopy simulators based on dry-
or 3-dimensional models do not provide the traineewith
the possibility to practice the placement of arthroscopy
portals. As a result of the large soft tissue envelope and
the tight ball-and-socket conﬁguration of the hip joint,
establishing the correct portals without endangering
structures within the portal trajectory is particularly
critical. This simulator provides the possibility to ex-
change the standard inlay with predeﬁned portals for
penetrable memory foam. It is then possible to probe the
foam and conﬁrm correct portal placement via a simu-
lated image intensiﬁer. Although face validity of the
portal placement functionalitywas graded as “useful” (6)
to “somewhat useful” (5) by 8 experts, again its transfer
validity remains unclear. Although key features
including palpable superﬁcial anatomic structures and
loss of resistance when entering the joint capsule are
recreated by the simulator, the material property of the
foam differs widely from human soft tissue.
Limitations
The Likert-scalestyle questionnaire is subjective and
therefore prone to systematic error. However, we chose
this type of scale because it has reliably been used in the
past and was shown to be a valid tool.8,18
Fig 4. Summary of face validity grouped by experience level.
Solid horizontal black lines indicate medians, bottom of the
boxes represent the 25th percentile, top of the boxes repre-
sents the 75th percentile, whiskers represent the range of the
nonoutlier data, circles represent the outliers between 1.5 and
3 times the interquartile range, and asterisks represent the
extreme outliers (more than 3 times the interquartile range).
Fig 5. Summary of training utility grouped by experience
level. Solid horizontal black lines indicate medians, bottom of
the boxes represent the 25th percentile, top of the boxes
represents the 75th percentile, whiskers represent the range
of the nonoutlier data, circles represent the outliers between
1.5 and 3 times the interquartile range, and asterisks repre-
sent the extreme outliers (more than 3 times the interquartile
range).
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Furthermore, a signiﬁcant difference of grasper path
length in task 3 could not be demonstrated as a resulted of
the small sample size and limited statistical power for this
task. Otherwise, the power analysis performed a priori
underestimated the expected difference in performance
between the expert and nonexpert groups. Thus a smaller
sample size than estimated a priori was sufﬁcient to
demonstrate signiﬁcant differences. Also, even though
none of the participants in the nonexpert group had
previous experience in hip arthroscopy, the group con-
sisted of board-certiﬁed orthopedic surgeons and resi-
dents with varying degrees of experience in knee-and-
shoulder arthroscopy, possibly introducing bias.
Despite the high cost of purchasing and maintaining a
simulator for orthopedic procedures, as well as its lim-
itations in terms of haptic feedback, simulation is
proven to be a safe way to acquire surgical skills and
transfer them to the operating room.21-24 However, the
presented results do not allow us to draw any conclu-
sion regarding whether skills acquired using the simu-
lator transfer to the operating room or whether training
using the simulator leads to increased hip arthroscopy
performance. As a result of its thick tissue coverage and
the risk of injury to adjacent structures,14 adequate
portal placement, a crucial step in successfully per-
forming arthroscopic procedures of the hip, can be
particularly challenging. In this study, no objective
measure of correct portal placement was recorded, and
face validity assessed by hip arthroscopy experts was
graded as less favorable for this task.
Conclusions
The tested simulator demonstrated high construct and
face validity.
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